The correlation between erectile dysfunction (ED) and coronary artery disease has been emphasized and ED has been recognized as a potential independent risk factor and/or predictor of coronary artery disease (CAD). We evaluated the association between the number of occluded coronary arteries in myocardial infarction (MI) patients with the severity of ED, and investigated the influence of related risk factors in our study group. Materials and Methods: 183 male patients who underwent coronary angiography because of acute MI from November 2009 to May 2011 were included. Following the stabilization of patients after the treatment, each patient was evaluated for erectile functionality. Risk factors such as age, diabetes, smoking, waist circumference, hypertension, and hematologic parameters were recorded. Results: Among 183 patients with a mean age of 55.2 years who underwent coronary angiography due to acute MI, 100 (54.64%) had ED, while the ED rate was 45.36% (44/97) in cases of single-vessel disease, 64.5% (31/48) in cases of two-vessel disease, and 65.7% (25/38) in cases of three-vessel disease. The mean IIEF score was 24.2 ± 4.3, 20.4 ± 4.9 and 20.5 ± 4.2 for single or two or three-vessel disease, respectively. The presence of hypertension aggravated ED only in patients with three-vessel disease and increased total and LDL cholesterol levels in patients with single-vessel or two-vessel disease were accompanied by significantly decreasing IIEF scores. Conclusıon: The severity of ED correlated with the number of occluded vessels documented by coronary angiography, in male patients with acute myocardial infarction. In addition, the presence of hypertension had a significant influence over erectile function only in patients with three-vessel occlusion.
INTRODuCTION
Erectile dysfunction (ED) is the condition of failure to achieve or maintain erection required for sexual intercourse. A recent systemic review found that the age-adjusted incidence of ED was 48.1% (1) . ED is associated with various pathophysiological mechanisms. The 2009 update of the European Association of Urology (EAU) guideline categorizes the causes of ED in 6 main categories: vascular, neurogenic, anatomic/structural, hormonal, psychogenic, and drug-related.
Coronary artery disease (CAD) is the leading cause of death in the Western world, causing serious morbidity rates (2) . Diffuse atherosclerotic process affects the arterial blood flow and leads to major pathophysiologic changes involved in both cardiovascular and peripheral arterial diseases including vascular ED (3) . Atherosclerosis occurs Is there a relationship between severity of coronary artery disease and severity of erectile dysfunction? _______________________________________________ Lutfi Canat, Gokhan Cicek, Gokhan Atis, Cenk Gurbuz, Turhan Caskurlu
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as a result of interaction between environmental and genetic factors. The environmental factors influence the disease progression rate significantly and appear to be the main determinants for the development of both CAD and arterial ED. ED and cardiovascular diseases share some common risk factors such as obesity, cigarette smoking, hypercholesterolemia, metabolic syndrome, and sedentary way of life. Furthermore, among patients demanding a solution for sexual dysfunction, there is a high prevalence of cardiovascular disease, while the potential cardiac risks associated with sexual activity are clearly known. The aim of our study was to investigate the relationship between severity of ED and number of occluded coronary arteries, while evaluating ED in patients with myocardial infarction (MI) who were submitted to angiography.
MATERIALS AND METhODS
Our study included 183 patients who were submitted to coronary angiography due to acute MI from November 2009 to May 2011. During the angiography, coronary artery disease was defined as an occlusion greater than 50% in the main coronary artery and/or an occlusion greater than 70% in any of the other coronary arteries, while the number of occluded arteries was noted. None of the patients included in the study had a history of coronary artery disease or a previous MI attack.
Our study was compliant with the ethical principles laid out by the Helsinki Declaration and written informed consent was obtained from each patient. All patients who stabilized after MI were evaluated by the erectile function domain of the International Index of Erectile Function (IIEF), a validated 15-item self-administered questionnaire, that was translated and validated in Turkish (4, 5) . The patients were categorized based on their scores as follows: 26-30, no ED; 17-25 mild ED, 11-16 moderate ED, 0-10 severe ED. All included patients in the study were married or had a regular partner.
In order to determine both cardiovascular and ED risk factors, all male patients who underwent angiography were evaluated with regard to parameters such as age, diabetes (defined as a fasting glucose level of ≥ 126 in two tests), cigarette smoking, waist circumference, hypertension (blood pressure of ≥ 140/90 mmHg in 3 consecutive recordings), as well as levels of total cholesterol, LDL, HDL, and triglycerides. The drugs used by the patients (beta blockers, ACE inhibitors, calcium channel blockers, diuretics, nitrates, insulin, oral antidiabetic agents, statins, and acetyl salicyclic acid) were recorded. Patients with other chronic drug use were not included in the study. The patients with a known endocrinologic, neurologic, or psychiatric disease, as well as those who had a history of pelvic-urethral-prostatic surgery, were excluded from the study. Furthermore, those who were under treatment for ED were not included in our study. According to these criteria, a total of 87 patientes were excluded from our study.
The statistical analyses of the study were performed by Kolmogorov-Smirnov test, ANOVA and t test, Kruskal-Wallis test, Mann-Whitney U test, chi-square test, and Fischer's test (Fischer's test was used in cases where chi-square test was not appropriate). Categorical data were studied by Pearson's correlation analysis, whereas discrete data were evaluated by Spearman's correlation analysis.
RESuLTS
Our study included 183 patients who underwent coronary angiography due to acute MI that were categorized in three groups as follows: single-vessel occlusion (Group 1), two-vessel occlusion (Group 2), and three-vessel occlusion (Group 3). Group 1 had 97 patients, whereas Group 2 had 48 patients and Group 3 had 38 patients. The demographic characteristics of the patients are shown in Table- 
The mean age of the studied population was 55.2 ± 11 years (range 25-78 years) and there was no difference between the three groups in terms of age (p = 0.143).
Regarding the parameters that might be associated with ED, we found no statistically significant difference between the three groups with regards to DM. The levels of triglycerides, total cholesterol, HDL, and particularly LDL, which is known to be closely related to atherosclerosis, were not significantly different between the studied groups (123.4 mg/dL, 127.9 mg/dL, 126.0 mg/ dL, respectively; p = 0.781). Cigarette smoking, an important risk factor for both cardiovascular disease and ED, was present in most of the patients and had a homogenous distribution betwen the groups (72.2%, 68.8%, 78.9%, respectively; p = 0.566). Waist circumference was above normal values (≥ 94 cm) in all groups and there was no significant difference between the groups (Group 1, 95.06 cm; Group 2, 94.88 cm; and Group 3, 95.47 cm). Hypertension (HT), another important risk factor, was significantly higher in two-vessel and three-vessel occlusion groups than in single--vessel occlusion group (Group 1, 27.8%; Group 2, 47.9%; Group 3, 47.4%; p = 0.021).
Use of drugs that could affect the erectile function significantly are shown in detail in Table-2. Of 183 patients diagnosed with acute MI, 100 (54.64%) had varying degrees of ED (IIEF score < 26), while ED relative rates of the groups was 45.36% (44/97) for Group 1, 64.5% (31/48) for Group 2, and 65.7% (25/38) for Group 3. ED rate in single-vessel occlusion group was significantly lower than in two-vessel and three-vessel occlusion groups (p < 0.001). The mean IIEF score was 24.2 ± 4.3 in Group 1, 20.4 ± 4.9 in Group 2, and 20.5 ± 4.2 in Group 3. Although the mean IIEF score was significantly lower in two-vessel and three-vessel occlusion groups than in single--vessel occlusion group (p = 0.001), there was no significant difference between the two-vessel and three-vessel occlusion groups in relation to IIEF scores (Table-3 ).
The relation of aging with severity of CAD and erectile functions was studied by multivariate analysis. Intragroup analyses revealed a significant decrease in IIEF scores with increasing age in all three groups, while increasing age was found to affect erectile functions similarly in all groups (Table-4) .
Evaluation of the relationship between ED, severity of CAD, and DM demonstrated that there was no significant difference between the IIEF scores of patients with and without DM and the number of occluded vessels (Table-5 ). Evaluation of the relationship between severity of CAD, erectile function, and HT revealed that erectile function was affected negatively in patients with three-vessel occlusion and HT (p = 0.034), whereas there was no significant correlation between HT and IIEF scores in single-vessel and two-vessel groups ( Table-6 ).
Evaluation of the influence of cigarette smoking over erectile function among our studied groups revealed that cigarette smoking had a similar impact on erectile function in all groups (Table-7 ).
There was no significant relationship between waist circumference and erectile function in our studied groups. Multivariate analyses based on the entire laboratory data demonstrated a significant correlation only between total cholesterol and LDL cholesterol levels in Group 1 and Group 2, whereas increasing total and LDL cholesterol levels in patients with single-vessel or two-vessel occlusion were accompanied by significantly decreasing IIEF scores, however, no such significant correlation was observed in Group 3. The multivariate analysis investigating the relationship of erectile function with current medication and number of occluded vessels revealed no significant correlation.
DISCuSSION
The most frequently mentioned risk factors of ED are also defined as risk factors of atherosclerosis and eventually CAD. In addition to sharing common risk factors, these two conditions demonstrate similar characteristics such as impaired endothelial function and higher prevalence of ED in men with vascular disease. While endothelial dysfunction has been shown to be present in many ED patients, various events associated with atherosclerosis or artery-related pathology have been shown to be related to ED as well. For instance, many organic EDs have been demonstrated to arise from arteriogenic factors; among organic factors, 40.5% have been shown to be of arterial origin, 10% of cavernosal origin, whereas 12.5% and 1.8% have been shown to be associated with neurogenic ED and endocrinologic ED, respectively (6) . Recently, the most commonly investigated subject has been the possibility of ED being a predictor or risk factor of cardiovascular diseases. COBRA trial demonstrated that ED arises before CAD in the majority by an average of 2 up to 3 years (7). Moreover, one of the recommendations of the The Princeton III consensus was all men with ED who are older than 30 years with increased CVD risk should be submitted to a thorough noninvasive and, when indicated, invasive evaluation of CVD status (8) .
Epidemiologically, adjusted to world standard population, prevalence rate of ED in the United States of America was 33.7% in the year 2011, in contrast to the adjusted prevalence in the Middle East (47%) (9) . In another prevalence study, overall prevalence of ED was found to be 69.2% (33.2%, mild; 27.5% moderate; 8.5%, severe ED) and it was observed to rise with increasing age (10). In our study, IIEF scores demonstrated a decline with increasing age in acute MI patients with single-, two-, or three-vessel disease.
Wabrek and Burchell studied 131 men (age: 31-86 years) admitted for acute MI and found that 64% of them were impotent (11) . Sjogren et al. compared pre-and post-MI ED prevalences in 49 men and determined that ED prevalence increased to 45% from 18%, while the new onset or progressing ED prevalence in this group of men was 43% (12) . These two studies constitute the basis of the following studies on CAD-ED relationship.
In this study, 54.64% of 183 patients diagnosed with acute MI had varying degrees of ED, whereas this rate was 45.36% in the single-vessel group, 64.5% in the two-vessel group, and 65.7% in the three-vessel group. Salem et al. conducted a case-control study on prevalence rates comparing newly diagnosed 183 coronary artery patients and 134 controls wherein ED prevalence was 88.5% in cases with CAD and 64.2% in cases without CAD (p < 0.05). They concluded that presence of ED might be an alternative marker for CAD and that severe ED was an independent risk factor of CAD (13) . However, in their study, the relationship between CAD and severity of coronary artery disease was not mentioned. In consistance with our study, El-Sakka et al. reported a significant correlation between ischemic heart disease and erectile dysfunction. In their study, among 417 patients with ED, 27.6% had mild, 30% had moderate, and 42.4% had severe ED, 26.9% of the patients were found to have varying degrees of ischemic heart disease and severity of ED was observed to be significantly elevated in patients with ischemic heart disease of high degree (14) . However, Montorsi et al. detected ED in 49% of 300 coronary artery patients with acute chest pain submitted to angiography, while no significant difference was found between patients with and without ED with regard to angiographic characteristics (15) .
Chew et al. conducted a retrospective study based on the hospital data wherein they investigated the relationship between ED and subsequent cardiovascular events in 1660 cases. They found that the incidence of atherosclerotic cardiovascular disease was statistically significantly higher in ED patients. There was a correlation between ED and atherosclerotic cardiovascular disease in all the groups of patients under 70 years of age. They concluded that ED was a strong predictor of atherosclerotic cardiovascular disease and that early age in ED patients was an even stronger predictor of cardiovascular event (16) . Another prospective study, which also clearly revealed the relationship between ED and cardiovascular disease, investigated the correlation between ED and impaired myocardial perfusion based on myocardial perfusion scintigraphy images of 287 patients. As 47.8% of the patients had varying degrees of ED, the incidence of impaired myocardial perfusion and reduced left ventricular wall motion was observed to be significantly higher in patients with ED (17) .
In our study, unlike many other studies, the relationship between number of involved coronary arteries and severity of ED was investigated with regard to some demographic characteristics and atherosclerotic risk factors. First, we studied the relationship between number of involved coronary arteries and erectile function at various ages. Our study revealed a significant decrease in IIEF scores with increasing age, independent of the severity of coronary artery disease, whereas increasing age was observed to have an equal impact on erectile function in single-, two-, and three-vessel occlusion groups.
ED is a common complication of type 2 DM, and certain risk factors are associated with the presence of ED and severity (18) . Age-adjusted incidence of complete ED has been found to be 3-fold higher in men with DM than in men without DM (19) . We performed a literature review on studies investigating ED-CAD-DM relationship in consideration of the fact that DM is also a serious risk factor of CAD. Gaccaruso et al. studied 293 diabetic patients and revealed that after adding erectile dysfunction to the list of risk factors for CAD mentioned in recent guidelines, the sensitivity of these risk factors for asymptomatic CAD in diabetic patients rised to 89% from 62%. This study has shown that ED is a strong predictor of CAD in diabetic patients (20) . Another study comprised of a small group of type 2 diabetes patients showed that total cardiovascular risk was significantly higher in patients with ED than in those without ED (p = 0.002). Similarly, 10-year coronary and cardiac risk as well as vascular and atherosclerotic risk were found to be significantly higher in patients with ED as well. The study concluded that increasing severity of erectile dysfunction caused a significant increase in total cardiovascular risk in diabetic patients (21) . In another comprehensive study focusing on the same subject, the relationship between erectile problem and cardiovascular disease-related mortality in type 2 diabetes patients was investigated in 6304 male individuals. Initially, ED patients were found to be under higher risk of cardiovascular disease (hazard ratio 1.19, 95% CI 1.08 to 1.32). Similarly, patients with ED demonstrated an increased risk of coronary heart disease as well (hazard ratio 1.35, 95% CI 1.16 to 1.56). Furthermore, increasing risk was observed to reach the peak point 2 years after the onset of ED (22) . Unlike other trials, our study focused on the relationship between erectile function and severity of coronary artery disease in diabetic patients. In conclusion, we observed no significant difference between number of involved vessels and erectile function of diabetic or non--diabetic individuals.
Another factor involved in the etiology of ED is hypertension. The relationship between HT and CAD have been investigated by many researchers and coronary artery disease diagnosed with angiography has been shown to have a strong correlation with systolic blood pressure and pulse pressure (23) . A study in Egypt found hypertension, unrelated to their ongoing treatment, in 17.3% of 658 patients with ED. Multivariate analysis demonstrated that HT increased ED risk by 5.4-fold (24) . In our study, as the number of occluded coronary arteries increased, incidence of HT was observed to rise, as well. According to the multivariate analysis of ED relative to these two variables, HT presence was observed to have a more negative effect on erectile function in patients with three-vessel occlusion. In patients with single-and two-vessel occlusion, no significant correlation was found between HT and erectile function. In conclusion, CAD may be more severe in ED patients with HT.
Tobacco use has been definitely shown to cause damage particularly in the arterial endothelium with microvascular structure. Therefore, cigarette smoking can be regarded as a risk factor that can lead to sexual dysfunction. Today, although the inadequacy of researches revealing the direct relationship between cigarette smoking and ED is mentioned, many recent studies show that cigarette smoking significantly increases the risk of ED. Wu et al. conducted a prevalence study on a large case series comprising 2686 patients and the prevalence of ED was found to be 49.5% between 20-79 years of age. Furthermore, ED prevalence was observed to be significantly higher in patients that smoke more than 20 cigarettes a day than in non-smokers (OR 1.23, 95% CI 1.03-1.49, P = 0.02). However, the highest risk of ED in cigarette smokers, as compared with the non-smokers, was observed after 23 years (25) . In another study, 40.1% of 658 ED patients and 28.7% of 821 controls were found to be smokers, whereas smoking was determined to elevate the risk of ED by 3.1-fold (24) . However, none of those studies mentioned a relationship of ED with smoking cigarette and CAD severity. In our study, we determined no significant relationship between cigarette smokers and non-smokers with regard to erectile function in the single-, two-, and three-vessel occlusion groups. However, we believe that this result should be verified by studies including larger series.
Obesity, another common risk factor of both ED and CAD, and particularly abdominal visceral fat deposition, has been shown by many studies to increase cardiovascular disease and early mortality risk. Furthermore, its relationship with ED has been clearly demonstrated, as well. It is a well known fact that waist circumference is directly related to ED and that central obesity increases the risk of cardiovascular disease, therefore, measuring waist circumference is regarded as an important potential predictor of ED (26) . Another effect of central obesity over erectile function is the reduction of testosterone levels caused by some endocrinologic changes (increasing insulin, glucose, and C peptide concentrations). Corona et al. conducted a study to reveal the relationship between obesity, testosterone, and major cardiovascular disease in a series of 1687 cases and showed that obesity and obesity-related hypogonadism were associated with increased incidence of major cardiovascular events (27) . In our study, absence of post-MI testosterone measurements can be regarded as a limitation of our study. However, we were able to show that erectile function was not correlated with the number of occluded vessels and waist circumference.
According to the lipid profiles of the patients, increased total and LDL cholesterol levels were observed to be correlated to significant decrease of IIEF scores in single-and two-vessel occlusion groups. In other words, ED risk was found to rise with increasing cholesterol levels in patients with coronary artery disease. However, this correlation was not present in patients with three--vessel occlusion. Although Chang et al. found a strong correlation between ED and low HDL cholesterol level in ED cases (28), we did not find such a relationship in our study.
Sample size of our study was relatively small. Since our study did not include many patients in the multivariate subgroups, we believe that similar studies based on larger series, including long-term follow-up results of erectile function, should be performed.
CONCLuSIONS
In the present study, erectile function after acute MI was significantly poorer in patients with two-and three-vessel occlusion than in patients with single-vessel occlusion. In addition, the presence of hypertension was observed to have a further negative effect on erectile function in patients with three-vessel occlusion. Moreover, increasing total and LDL cholesterol levels were found to be associated with significant deterioration in erectile function in patients with single-and two-vessel occlusion.
